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ABSTRACT

Electrochemically modulated infrared spectroscopy (EMIRS) has proven to be
a highly sensitive in situ technique for the obtaining of vibrational
spectra of species adsorbed on metal electrodes. This paper presents a
description of the experimental details regarding the methods and equip-
ment necessary for the EMIRS technique.
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Introduction

Historically, the development o¥.meny mejor areas of
electrochemistry hes been greatly frustrated by the lack of
the experimental means to obtein direct informetion on the
identity and the molecular structure of species in the electrode/
electrolyte solution interphase and on the orientation and
bonding of such species to the electrode surfsce. The sense of
frustration has been highlighted by the spectacular developments
in high vacuum surfece science brought about by the applicetion
of new spectroscopic methods which can, et best, be used only es
ex-situ techn;ques in the electrochemical context. Thus the
steedy development of surface enhanced Raman spectrescopy, SERS,
as an in situ electrochemical method has been particulerly
welcomed { 1 ). It had always been assumed that the presence
of an aqueous electrolyte solution would cause insuperable
prob{ems to the development ot external reflectence infrered
spectroscopy as &n in-situ technique; the earlier, pioneering spirits
had, therefore, directed their energies towards internal reflectance
methods (2,3), which unfortunately provided scant reward for the
experimental eftort expencged. During the paest few years, however,
an external reflectence technigue, electrochemicelly modulated
infrared spectroscopy (EMIRS), has been successtully demonstrated
4,5) and applied to & number of electrochemicsl systems (6-10).
Subsequently, the range of external reflectence IR methods hes

been expanded with the development of a modified technique which




exploits the adventages of Fourier Transform Infrared Spectroscopy (11)
and by the successful amlication to electrochemical systems of a
polarisation mogulation method, IRRAS, criginelly develcped to

study adsorption of gases on metel surfaces (12). In this paper,

we present a detailed discussion of the equipment end the

experimental methods developed for the EMIRS technigue.

Reflection of electromegnetic radiation at & metal surface

Two phenomena associated with the optics of the reflection
of electromégnetic radiation from e highly reflecting metal surface
are pertinent to the present discussion. For other than normal
incide;ce. the effective intensity of the radiation very close to
the surface is different for-the p-polarised anc s-polarised
states. There is 2 180° phase change on reflection at a metel
surface at a1l angles of incicence for s-polerisec radiation,
which has its electric vector tangential! to the surtace, and since
the retlection coefficient is close to unity; the resultant
amplitude of the electric vector at the surface is essentially
zero. Thus s-polarised infrareo radiation does not interact with
vibrating cdipoles near the surface, i.e. it is inactive in the det-
ection of adsorbed species. Consequently, orly p-polarised
radiation, which hes its electric vector in the plane of incidence,
is effective tor studies at metal surfaces. This leads to an

agditional selection rule, the surface selection rule (13),
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defining those normal modes of a molecule sitting on & metal
surface able to show IR activity, i.e. only those vibrational
modes having a non-zero component of the dipole derivative
perpendicular to the surface, (au/BO)L. are able to interact
with the IR radiation. A useful consequence of this is that
the relative intensities of the absorption bands shown by an
adsorbed molecule will vary as its orientation with respect to
the surfece is changed. This sensitivity towards orientetion
is 2 very velusble feature ot the EMIRS method.

There 1s also & strong sngular dependence of the interaction
of p-polariéed radiation with an adsorbed layer. As the angle of
incidence 1s increased away from the normal, the interaction
rises sharply, peaks near grazing incidence anc tnen declines to
zero. Thus high angles ot incidence confer greatiy enhanced
sénsitivity to reflection measurements but other opticel
considerations, particulsriy those encountéred in coupling en
electrochemical cell to the IR radiation, often preclude the use

of very high angles.

Description of the EMIRS technique

EMIRS is essentially a direct development of the specular
reflectance technique (14) previously used in the UV-visible
spectrel region. While UV-visible spectra nave been used to
idertify electrochemically produced species, extension into
the region of vibrational spectrs offers the possibility for
obtaining structural as well as identity information. It is
to be expected that infrared spectrs ot adsorbates in electro-
chemical systems will provide evidence for molecular

crientations with respect to the electrode surface ancd probe

-




the strengths ot interactions between eadsorbetes-substrates,
adsorbates-adsorbates, ang adsorbates-sclution species. A; in
the Uv-visible technique, radiation is speculerly reflected
from a polished electrode surface while the electrode potential

is modulated with a squere waveform. Amplificetion of only

thal component of the optical signal in-phase with the potential

modulation increases the sensitivity to the level adequste for
detectic of infrarecd bands of submonolayer quentities of
adsorbetes (typically, measurement of absorbance charges smaller
than 10-4 is required). For infrared spectroscopy of strongly

IR absorbing agueous solutions, very different requirements are
placed on the design of the cell than for UV-visible spectroscopy.
A thin layer spectroelectrochemical cell suitable for use with
agqueous solutions throughout the infrared region has been developed

and is described in a subsequent section.

The signal observed in an EMIRS experiment is proportioral
to the difference in the intensity of the radietion received
by the detector whiie the electrode is alternately at one of
two fixed potentiels detined by the square wave modulation.
Although this intensity ditference is represented in EMIRS
spectra as a reflectivity difference, AR, it may originate from
several sources including the electroreflectance effect es well
as cha;ges in the amount of absorbed species in the inner region
of the electrical double layer or in the layer of solution
traversed by the IR beam. These latter sources are likely to be the
subject of most EMIRS studies. In such studies, EMIRS specire

correspond to di+ference spectrs between species present at the

two selected electrode potentiasls. For ease of comparison with




vsuel infrered spectrs, EMIRS results are presentec es plots ot
AR/R vs wavenumber. This 8R/R ratic removes the wavenumber
dependence of instrumental energy throughput, detector
sensitivity, and electronic response. A single beem spectrometer
acts 25 & nearly perfect pseudo-double beam spectrometer since
the identicel optical peth is followed by "beams” separated
temporally but not sgatially at the modulation frequency. vValues of
AR/R are proportional to the difference of two absorbance values.
Since EMIRS spectra are difference spectrs, it is importent
to recognise the possible origins for various spectral feetures
which may occur and to be aware of the limitations placed upon
spectral observations end/or interpretations. If AR is defined
as the reflectivity at the more positive potentieal, Ra' minus
the reflectivity st the more negative pctential, R_. the

correspondence between infrared features for species present at

these potentials and the EMIRS difference spectrum 1s snhown for

the most likely possibilities in Figure 1. Figure 1e illustrates
how the electroreflectance effect could produce a non-zerc and
posesibly non-flat spectral baseline. In Figure 1b the absorption
band for e species present only at one of the two selected
electrode potentials is shown as positive or negative depending
upon whether the species occurs at the negative or the positive
potential respectively. A change in intensity of an infrared
banc with & change in potentisl might result from: (1) & dependence
upon potential of the amount of species present, (2] & potential
dependence ot the infrared oscillator strength, or (2) & dependence

of the orientation of the species with respect to the electrode




surface upon elecfrode potentiel. This lest cese arises cue to the
surface selection rule discussed in the_previous section. For
species close to the electfode surface compared with the wavelengtn
of the radiation, only vibrational modes with non-zero surface
normal dipole derivative components,[au/aD)L, cen absorb energy
from the infrared beam. Since tne strength of such absorption is
propertional to (au/aQ)zl, 2 reorientation of species with respect
to the electrode surface will produce 2 change in band intensity.
Bisignate EMIRS bands could arise if the band position were
potential dependent (tigure 1d) or if the band shape were potential
dependent in a way to move intensity from one side to the other
(Figure 1e). A symmetricel change in band snape'could produce a
more compliceted trisignate feature (Figure 1f). To date examples

of the cases shown in Figures 1e, 1b, 1c ano 1d have been observed
ang will be illustrated below. A disadventege of the dif<erence
spectrum method is that if combinations of the above limiting
cases occur the true origin of an EMIRS band might be obscured. '
In the worse case the difference might pe too small to detect
even for strong infrared festures. In principle, however,
integration of an EMIRS spectrum obtainea with & suf¥iciently
small modulation amplitude will yield the true absorption
spectrum but it will be shitted by the unknown constant of
integr;tion and the amplitude will, in some cases, be scaled
by an unknown factor.

The detection by EMIRS of submonolayer amounts ot adsorbec

species requires very high sensitivity but it is encouraging to

note trat nature is considerably more benevolent thanm woulcC be
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expected at first sight. Fig.2 shows the abscrbence versus

thickness curves for e layer of water in contact with & platinum

"electrode calculated at the wavelength of the maximum abscrption

cf the OH stretch in two different ways: firstly, by & simple
mincded application of Beers Law, curve (a), and secondly, by &
rigorous applicetion of the Fresnel reflectence equation, curve
(b). It cen be seen from these curveé thet the energy trensmitted
threough & thin layer bf aqueous solution es is used in the EM.
cell, ebout 1 u thick, is considerably greater than expected
Beers Law and, conversely, the absorbance of @ layer of molec
dimensions, such as @ layer of adsorbed molecules, is several
fold greater.tﬁan predicted by Beers Law. Thus, in an EMIRS
experiment, R is larger and AR is several times grester, then
might be expected; & very useful circumstance as befits &

descendant of Mohammec (15).

The major objective determining the design of spectrometer
and cell is to achieve the best possible de;ectivity in terms of
AR/R. This means aiming for the highest possible throughput of
energy which has been reflected from the electrode surface. Since
resolution is not a major problem, bands of less than 10 cm-l
half width are unlikely to be encountered, a spectrometer of
relatively short focal length will suffice. It is also appropriate

to overrun the IR source to give higher output at the expense of

lifetime.




Spectroelectrochemical Cell

The design of a threé electrode spectroelectrochemicél cell
is shown in Figure 3. The working electrode, consisting of a
5-10 mm diemeter +lat disc, is sealec in a2 glass tube extensicn
on & syringe plunger or is attached to a copper rod cove:e& by a Kel-F
outer sleeve to permit electrical contact with the sclution only
by the front surfacg. This electrode is inserted through the
barrel of the syringe which makes up the back of the cell body.

If any appropriate glass is not aveileble for seealing e particular
metel, the electrode may be atteched with epoxy. These electrodes
are ground flat and polished before each use with & slurry
containing in successive order 1.0, 0.3, and 0.55 micron aluminea in
water. The Luggin cepillary probe for the reference electrode
extends parallel to the working electrode suppu.s-t rod to within one
millimeter of the cell window. A wire loop near the centre of the
cell through which the working electrode is inserted forms the
counter electrode.

Two designs for the cell window have been used. Flat 1.5 mm
thick silice, 5102, or silicon, Si, wincows are sealed in
appropriate ground gless joints, or a calcium fluorice, Can, window
is prepared trom 2 6 mm thick blenk glued with gpoxy to a gless
joint: Although silicon windows of 1.5 mm thickness are usetul to
low wavenumber and ere not attacked by dilute eczid solutions, they
have two serious limitations: (1) silicon is opague to visible light

which prevents the observetion of the source image on the electrode
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during cell alignment and (2) the high refractive index of the

silicon produces high reflection losses for angles of incidence awvay
from the Brewster angle ot 74 degrees. Thus, if the window

could be illuminated at this angle of incidence, the unwanted
perpendicularly polarised component would be totally reflected
and the parallel polerised component woulc be completely
transmitted. 1In practice, such a well defined engle of incidence
cennot be achieved without & well collimated beeam and, moreover,

; the Brewster angle cannot be echieved simulteneously for the air/
window interface and for the solution/window interface which is
encountered following reflection from the electrode surface. The
fore-optics design shown in figure 5 does not collimate the beam

and typically it was adjusted to give an &ngle of incidence of

60° for @ cone of radiation with & spread of * 120. Thus, even

with use of a subsequent polariser to reject the perpendicular

component, approximately half of the radietion reaching the '
detector comes from a window rather than the electrode. This

4 window radistion is not modulated, however, anc since infrared

spectrometers are detector noise limited it does not contribute
signiticantly to the noise level. However, it does represent a
reduction in the percentage of the source intensity useful for

spectroscopy. Silica windows avoid the problems of visible

opaqueness and high reflection losses. LUsing these windows the

images from the electrode and from the window can be separated
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on the entrance slit such that only raﬁiation reflected from the
electrode reaches the detector. Silice is, however, limitec to
use at wavenumbers above 2300 cm-1. Tne calcium +luoride windows
are prepared with 65° bevelled edges to avoid reflection iosses
2t the eir window interface by using e zero degree angle of
incidence with the window. The 650 angle for celcium fluoride

was selected es the highest angle to avoig totel interna: reflection

at the window solution interface when using aqueous a<id sclutions.

The oisadvanteges of calcium +luoride are its small but finite water
solubility anc the need to attach windows with epoxy whicn is
softened after e few days by acid solutions.
The working electrode is positioned snugly egainst the winoow
ancd rotated to produce the highest signel for electrode reflectecd
light. ;n this orientation averege film thickness between the
window and electrode of a few microns ere obtained, e.g. for one
particular électrode window combination, the intensity of the water
fundamental modes was used to determine en average film thickness
of two microns. These average film thicknesses represent wedge
< shaped layers since with the cell design of Figure 3 the possibility
ot the electrode surface being closely parailel to the cell window

! surfete is very low. In none of the background reflectivity curves
run during each experiment have the interference effects expected for a
+ilm with pareallel surfaces ever been observed. The thin solution
layer necessary for infrered transmission through aqueous solutions
possesses potentiel electrochemical complications. Transportation
of species by diffusion from bulk solution to the film between the

electrode andg window may be greatly restricted. With the electrode

. —
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positioned egeinst the window, diffusion of CO from & bulk
solution satureted with CO(g) nhas been shown tc take times

of the order of one hour to produce saturation coverzge of
CO0(ad) on & platinum electrocde (16). The thin film may also
plece severe restrictions on potentiel moduletion retes
perticularly with the reference electrode positioned as in
Figure 3. Figure-4 shows the CO stretching mode as a function
of modulation fregquency for Coads at saturetion coverage on &

Pt electrode. The decrease in band intensity as the modulation

trequency increases is interpreted as showing & reduction in

tne effective potential modulation range, although a2ll spectra

were obtained with a nominal range of 50-450 my(NHE) set on '
the potentiostat. However, slow response of the electrode

potentiel has rerely been found to be & serious problem: it is

good practice to monitor the current/time trensients caused by

the modulation in order to estimate the response time and to ‘ ,

check the detailed shape of the linear sweep voltammogram.

EMIRS Spectrometer Design

EMIRS spectra have been obtained using three gifferent
spectrometers. Originsel spectra were obtained on a 1/4 meter
f/8 grating spectrometer used to demonstrate the feesibility
of obtaining useful infrared spectre from electrochemical
systems §,5). Once tne success of EMIRS had been established
2 high energy throughput spectrometer optimised for EMIRS was

designed. This instrument is described below. Lower (4%}
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resolution EMIRS spectra have also been recorded on a non-
grating, variesble filter spectrometer usec at the University

of Minnesota for IRRAS studies (11,16). The new EMIRS spectro-
meter was assembled by Anespec Ltd. utilizing 2 1/2 meter f/4
monochromator. The monochromator has @ three position greting
mount equipped with 84 x 84 mm Jarrell-Ash echelle gratings with
the following specifications of grooves/mm and blaze positiocns:

150/mm (4u), 50/mm {(10u), and 40/mm [22u).

The optical layout for the monochromator sampling chamber
fore-optics, and detector chamber optics is shown in Figure 5.
A Nernst filament operated at & temperzture of epproximately
23DD°C serves as the source. At this above-rating temperature
filaments last several months in continuous operation. All
spherical mirrors (Ml, Nz, and M4) are used at low off-axis angles
to minimize aberrations. Mirrors MS and NS used et lerge angles
of incidence are plane mirrors. With the Pye IR50 pneumatic
detector, &8 Pfund mirror design is used to image the exit slit on
the detector window. With the HgCdTe photoconductive detecteor 8 KBr
lens {40 mm diasmeter, 30 mm focal length]) focussed the radiation
from the monochromator upon the detector. Even though the
detector chamber is purged with & slow flow of dry air, the lens
moung is fitted with @ heating element to keep the temperature of
the lens above 30°C and prevent condensation during periods the
purge is broken to reposition the detector or switch trensmission
filters. The chopper, C, is used to produce an 8.5 Hz signal fer
background, R, spectra but is positioned on an open guadrant when
potential mocdulated, AR, spectra ere baing ﬁeesurec. F is an

eight position filter wheel used for order sorting ang P a silicen

reflection polarizer or a zold grid transmission pclerizer. The

A o
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poclarizer is used to remove the perpendicularly polarized component
of the radistion incident upon the eléctrode since this component
contains no spectrai information &s discussed above. The main
monochromator chamber and detector chambers are kept under
constant purge by & slow stream of dry air, When spectral regions
containing strong atmospheric absorptions are studied the sample .
chamber can also be purged. The alignment procedure for the cell
and fore-optics is~given below in the discussion of experimental

: procedures.

A block diagram of the components used for electrode potential

modulation and signel processing is shown in Figure 6. The height

of the poténtial step used for the square wave modulation of the

electrode is set on the waveform generator and added to the base

potential set on the potentiostat. Using the sign conventions

of Figure 1, the negative potential is set on the potentiostat

énd the potential step required to give the positive potential is _ ’
set ﬁn the waveform generator. The signeal processing and mono-

éhromator control by the computer are described under

experimental procedures.

Experimental Procecures

The procedures for cleaning the cell, polishing the
electrode, and preparing samples have been previously des-
cribed ( 6). The cell is positioned such that the source
image, demagnified by a factor of two, is focussed upon the
surface of the electrode. Since the source image at the
electrode is higher than the circuler electrode, verticel
adjustment is made to position the electrode in the centre

of the image, Tilt acjustments are made in orcer to collect

|- . e ——RRERE
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all the light reflectec from the cell on mirreor Mz which forms
a remagnified 1:1 image of the source at the chopper position.
With the image from the electrode et the vertical centre of the

entrance slit and all cell radiation collected by mirror M., the

2
rotation of mirror M2 about its verticel axis is adjusted to
produce & maximum signal at the detector from the electrode with
the chopper on.

The proper grating for the spectal region of interest is

selected using the manual grating switching control and the

appropriate transmission filter positioned after the exit slit.

The spectral region to be scanned and the number of date points
to be used to cover this reglion are set on the computer. Two
background scans are run to determine the electrode reflectivity
curve, R. During the first scan the electrcde is withdrawn from
the window and during the second positiocned ageinst the window.,
The dif%erence'inenergy between these two scans is the background
R curve froh the electrode for the chosen spectral range. During
the background scans the chopper is on and the electrode cen be

. held at any potentiesl or even moduleted since the AR curves
produced during potential modulation are orders of magnitude
weaker than the R curve. For background and sample scans the
monoshromator is moved by uniform wavenumber increments by the
computer giving the grating drive stepping motor the appropriate
number of pulses. After each increment a delay of between one

helf and one second, as set on the computer, occurs before a

reading is made of the output signal of the lock-in amplifier




15

! to permit demping out of noise produced by stepping the grating.
Data are recorded during monochromstor movement to toth higher
and lower wavenumbers with e;propriete corrections made upon each
greting direction reversel to compensate for backlash in the geers.
For background scans the lock-in reference signal may either be
taken from a photocell mounted opposite a2 visible leamp et e
position cut by the chopper blades or by using the preemplifier.

! output for both signel and reference inputs.

g ) Sample (AR) scans over the chosen spectral region are made

; with the chopper positioned in the open position and the desired

potential modulation applied to the electrode. For such scans

the lock-in reference is tesken from the waveform generetor and

is phase adjusted for delays produced by detector response. The

controlling computer program was written to permit displey of the

AR spectrum on the CRT after a preset number of scens. Date for

each spectral element is collected in one computer memory location
as the sum of the detector signals for tﬁat element from all scans.
If an adequate signal-to-noise ratio has been achieved, the 4R
spectrum may be ratioed by the R spectrum to give & AR/R spectral
‘plot. If the AR signal-to-noise ratio is still low, additional
scans may be- taken before displaying again on the CRT. R, 4R,
and/or AR/R plots may all be plotted on the hard copy plotter

and/or stored on a floppy disk.

The detectivity of the system described depends, of course,
on the chosen wavelength range and on the nature of the electrolyte.
In regions of good energy throughput,bands with AR/R values as low as

10“6 can be detected.

PONLNT S o
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Examples of EMIRS spectra

The EMIRS method is being used to investigate the
nature of the adscrbed intermediates formed during the
electrocatalytic oxidation of organic fuels (8 - 1§).°
Figure 7 shows a spectrum obtained at & polycrystelline
Pt electrode in 0.5M methanol + 1M sto4 when the electrode
potential was modulated between +50 mV and +450 (NHE). The
observed features eare due to adsorbed CO which wes shown to
be the primary electrode poison for the electrocatalytic
oxidation of methanol on platinum (8). The single-sided
band at 1850 ::m_1 is an example of a Figuré lc type band.
The positive sign for AR/R indicates a species with stronger
infrared absorption at the less positive potential (50 mV)
than at the more positive potential (45C mV]). The intensity
of this band decreases as the electrode is made more positive '
and this is attributed to & decrease in the amount of adsorbed
CO occupying multibonded sites, most likely three-fold sites.
Early assignment of the bisignate EMIRS band at 207¢% t:rr.-1 as 8
Figure ld example of a band which shifts position with a change
in electrode potential has been firmly established by direct .
reasurement of the infrared band at different electrode potentials
using IRRAS (1216). The IRRAS spectra showed this band, which is
assigned to a CO molecule adsorbed linearly above & platinum atom,
to shift linearly to a higher wavenumber, whilst retaining constant
intensity and band shape, as the electrode potential is made more

positive. The shift has been atiributed to the effects of changes

.
in the occupancy of the ® antibonding orbital with changing

availability of electrons.
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An example illustrating both the electroreflectance sffect
(Figure la) and a species present at only one of the potentials
used for modulation (Figure 1lb) is given in Figure 8. This
figure shows the spectral region around 5000 t:m-1 where com-
bination bands of H2O and of HDO occur. The sample is 1M sulphuric

acid in water with isotopic composition: H, D (11%), HDO ({44%),

2
and DZD (45%). .The dominant features observed are Votvg of
HDO at 2.04y and Vatvg of HZD at 1.93y., Spectre are shown

for a series of experiments using modulation with a constant lower

potential of 50 mV and several higher potentials. At +50 mV the
polycrystalline platinum electrode is covered with adsorbed

hydrogen. The upper limits were chosen to corresponé to poteritials !
at which progressive quantities of hydrogen have been desorbed through !

oxidation. If the electrode potential modulation spans the desorption

- peak for weakly bound hydrogen, infrared bands due to water vibrational

modes are observed. Potential modulation spanning the second ’
desorption peak produces & shift in the baseline to negative AR/R

values. These results have been interpreted ,7) in terms of

a strong interaction between weakly adsorbed hydrogen atoms and

a water layer containing mainly dimer units but with these units also -

bonded back to the bulk water. There appears to be no inter-
action between the water end the strongly bound hydrogen: the
formation of this species simply produces & large increase in
reflectivity which shows up as & smooth, negative baseline shift
in figure 8. Thus adsorption/desorption of weakly adsorbed
hydrogen results in Figure lb type bands due to oriented water
units hydrogen bonded to the adsorbed hydrogen atoms, while
acsorption/desorption of strongly bound hydrogen produces &

Figure la electroreflectance effect indicative cf an increase 3

. . - R

- - e
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in conduction electrons when the species 1s formed.

Figure S shows the C=C and C=N stretching bands for
acrylonitrile adsorbed from a 0.1M C2H3N + 1 stD4 solution
on & polycrystalline gold electrode. The fine structure on

! is believed to be noise resulting

the C=C band at 1520 cm
from the much lower signal-to-noise ratio in this region of

strong water abscrption, The positive sign of AR/R for the

two bands indicates stronger infrared absorption et the less
positive potential. Since acrylonitrile is thought to be
adsorbed on gold at both potentials this change in intensity

of infrared adsorption may be an example of & change in

oscillator strength produced by a change in electrode potentiel.
The fact that both the C=C and C:EN stretching modes are strongly
shifted towards lower wavenumbers from their respective values
found_for non-adsorbed molecules in dilute sclution is taken as
evidence for a molecular orientation parallel to the electrode
surface (17). Thus the appearance cof these modes on the spectra
is an apparent violation of the surface selection rule. There are

several alternative explanations for this. The normal mode motions

of the atoms will be different for acrylonitrile in the adsorbed

state; the C=C and C=N vibrations will involve some motion of

thise atoms perpendicular to the surface and thus e dipole cgange
perpendicular to the surface is likely. Additionally, the surface
normal dipole induced by the static electrical field at the electrode
surface would be espected to possess an oscillatory component in phase

with the malecular vibrations.

Acknowlquement

Support for this work from the Dffice of Naval Research,

Washington and the SERC is gratefully ecknowlecged.

SN C—




10.

1.

12.

is.

14.

15.

le.

17.

19
References
1. Surface Enhanced Raman Scattering, E4. R.K. Chang ané T.E. Furtak,

Plenum, New York, 1982.
H.B. Mark, B.S. Pons, Anal. Chem., ]966, 38, 119.
A.H. Reed and E. Yeager, Electrochim. Acta, 1970, 15, 1345.

A. Bewick, K. Kunimatsu, and B.S. Pons, Electrochim. Acta, 1980,

A. Bewick and K. Kunimatsu, Surf. Sci., 1980, 101, 131.

A. Bewick and J.W. Russell, J. Electroanal. Chem., 1982, 132, 329.

A. Bewick and J.W. Russell, J. Electroanal. Chem., in press.

B. Beden, C. Lamy, A. Bewick and K. Kunimatsu, J. Electroanal. Chem.,
1981, 121, 343.

B. Beden, A..Bewick, K. Kunimatsu and C. Lamy, J. Electroanal.

Chem., in press.

B. Beden, A. Bewick, M. Razag and J. Weber, J. Electroanal. Chem.,

in press.

T. Davidson, S. Pons, A. Bewick and P.P. Schmidt, J. Electroanal.

" Chem., 1981, 125, 237.

J.W. Russell, J. Overend, K. Scanlon, M.W. Severson, and A. Bewick,
J. Phys. Chem., in press.

R.M. Hexter and M.C. Albrecht, Spectrochim. Acta, Part A, 1978,

35, 233.

A.W.B. Aylmer-Kelly, A. Bewick, P.R. Cantrill, and A.M. Tuxford,
Discuss. Faraday Soc., 1973, 56, 96.

EMIR - a descendat of Mohammed, Oxford English Dicticnary.

J.W. Russell, J. Overend, K. Scanlon, M.W. Severson and A. Bewick,
J. Phys. Chem., submitted.

A. Bewick and C. Gibilaro, to be published.

.y Wy




FIGURE LEGENDS

Examples of possible'IR reflectance spectra and the corres-

.ponding EMIRS difference spectra. The spectra &t the two diff-

erent potentials are distinguished by the full lines and the 1
dashed lines and the difference spectrum is plotted as a dotted/ ;
dashed line.

The absorption of IR radiation by a water layer in contact
with a platinum mirror electrode calculated at the absorption
maximum of the O-H stretch band according to (&) Beer's law
and (b) the Fresnel reflectance equations.

Schemetic diagram of the cell used for the EMIRS experiments.
EMIRS difference spectrum for (CO) on Pt; modulation fre-

quency (a) 10 Hz, (b) 50 Hz, (c¢) ZBSSHZ, (&) 500 Hz, and
(e) 1000 Hz.

5. Schematic diagram of the optics of the EMIRS spectrometer. }

6.

7.

Block diagram of the complete spectrometer system.

Spectrum from a Pt electrode in 0.5M CHBOH/1M H,50,; modu-
lation from +50 mV to +450 mV (NHE)

EMIRS spectra in the 7a+3 region for HDO from a Pt electrode
in 1M H,S0, (50% D); modulation (a) 50-100mv, (bt) 50-200 mV,
(c) 50-2508v, (d) 50-450mV.

EMIRS spectra of acrylonitrile adsorbed on an Au electrode
in 0.05M acrylonitrile/ 1M H,80,; modulation 50-1000mV.
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